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AND ITS MANUFACTURE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To improve the luminous 
efficiency and reliability of a semiconductor light emitting 
element, by correcting the lattice distortion of a Ga^ ^In^ 

P(0<x<1) current diffusing layer by forming the current 
diffusing layer on a laminated semiconductor structure. 

SOLUTION: After an n-type GaAs buffer layer 2 is formed 
on an n-type GaAs substrate 1, a laminated 
semiconductor structure 12 composed of an n-type 
AIGalnP clad layer 3, an AIGalnP active layer 4, and a 
p-type AIGalnP clad layer 5 is formed on the buffer layer 2, 
and a p-type Ga^ Jn^P(0<x<1 l ^urrent diffusing layer 6. is 

formed on the structure 12. A p-type electrode 11 is 
provided on the central part of the layer 6, and an n-type 
electrode 10 is provided on the whole lower surface of the 
substrate 1. Therefore, the luminous efficiency and 
reliability of a semiconductor light emitting element thus 
constituted can be improved, because the crystal defect in 
the current diffusing layer 6 can be reduced and, at the 
same time, the crystal defect resulting from the dislocation 
of the active layer 4, etc., constituting the light emitting 
section of the element can be reduced. 
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1 ] 1 mm.m(Dm i ^ ^ s' h-m 

®2^ma<^G a j^.^I n (0<x<l) t^h^i^M 

<o. 4 9',cL.xh^m^^nzmm<o^!^m{$^^t/tm 
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[st*« •- 3 ] m^^mmcMtiA l ^,G a i_bA s 
(Ogbr.l) *7t»± (A 1 ^Ga -_J n^.^jP (0 
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^ffiJEi5ajhg(^?g*jggPi3 J; ^?^j5ga5 (dtJfe -en 2 ^ 
«S!<75Ga n^P (0<x<l) iJ^hti^mMMm. 

fi!) t::'flfe*<D«^;as^ (t 6 ixr V ^ 5 

jgJilCA 1 ^'^■^ti\^'^i^Prt^e:it£^^mm^m:i'k\^X 
A 1 Sr-g-tf'fk-^ifeijs-^^^d^ej/.csmgftRtihSflg^fflfDe 

(ft 1 5 3 nUm^ y^^iTnm^i. ttrf2««EPflih 
>-i^Sr=fTP If 1 4 IC|2«<^)i|^^ft:B3t^^<?3Miig*- 

fee 

[ft*:® 163 Huf2^-;'^>^^(D^(c, WIEffi^SKPfixL 

[If 1 7 3 m^nmMstm t lt a i ^^g a ^.^a 

s (O^b^l) S*7tl4 (A 1 (,Ga ni_jjP 

(o^csi. o^d^i) m^m^-t^m^m. \ 4n 

[0 0 0 13 
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[tie*cofi^^&3 se*. A 1 Ga I n pik^mmiPr^m 

l^bix-CV^-5o ^cOS*l4. A 1 G a I n P^«-!is|-{CJ3 
l^r(4. Ga AsS*Ei:*&^^-g-:JSprtgT-fcSri:. I 

^Jty-fsJ-— 5 5 0 nm>4>e> 6 9 0 nm 

[0 0 0 33 L*^L, A 1 Ga In P^Mii5|-*^t'>fcffi 
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— K(i. nMGa A sStSl 2 1±(C. nMA 1 G a I 
n PS 1 ^7 ^ 1 2 3 , Gain P?S1±S 1 2 4:}S 

iTJpMAl Ga I nPS2^^s/ K®1 2 5;6^^/cC^ 
i}^«tf®;w«3gl 2 1 2;55^^t^i^TV^^o pM^^^ 

Ks 1 2 £ ^D^^^±\z\^pmmm 1211 ;ei5^tt ^ 

ti. nS33«l 2 l>fii|(C(l:g:ffitCn®mffil 2 1 0;6S^ 
(tfbtvTV.^^o ^*gI5X*fc-5G n PgttM 1 2 4-e 
^^Lfc;;:^^. pMm^l 2 1 1 p Mmi^ 1 2 11 

m^l 2 i l:^^h^:K^thtzmm-^^G a I nPfgiiSl 
, 2 4±m^}M:^^^£^mi!}^h^o U;&^L. pMAlGa I 
n P^y?/ KMl 2 5^0^g5t^;^5:^^v^fc^6. j^m^y 
y 1 2 5 rt-e®gg;b5^> t L;0^Z£;d5 P^-f ^ G a I n P 
m'&m 12 4 pMm^l 12 11 <DmrF(DU^^ 

[0 0 0 4] w(^Pp^^^(C^L. Ga PffigfiffitSc^^^ 

x.(^R obert M. Fletcher J: t9 U 
nited States Patent 5,00 
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[0 0 0 5] i^Tt::. ^i^^i^fc^^^^^^^^^^cov^ 
Ell 3^>^v>riftpji-^o rco^^f^^^^^fi:^ 

Tfe^-^:^- KT*fc!9. nSGa AsS«l 3 1±(C. n 
SA 1 G a I nP^l >:^^:y KMl 3 3. Ga I n PS 
ttJll 3 4ioJ;U^pMA 1 Ga I n P^ 2 ^ Kg 1 
3 ^t^hf^-^^^.wmmm'^X 3 1 2;d5I£tt^tb. ^co 
JitClpMGa Pmgftittfc^l 3 6;55^tt?>ttT\/^5o P 

^G a vnmM.WM 13 6 (Dct'iitgpiicfipsm^^ i 3 

1 l;iSI£V{ton. nM^iSl 3 1 {afj(cfl:^ga{c n 
13 1 0z^5|S^tbttTV^5o w<0^igtf^^^^T-(i. 
p^G a ?mS£ffiSfi:^ 1 3 6 CC0}g^^:d5pMA 1 Ga 
I nP:^-^ix K^l 3 5COS5L^J:'9'b/h^<. p 
ffi^ftS: 3 6F^-e«aL;iS^;di-5fce6. Gain Pf^i* 

ill 2 A\z.tr^\-i^m.\^^mm^^%m^^^. ^immt^ 

f^Jit-^c ^^c. ?S't4g 1 3 4-e^^L/c^tipMm<^ 
13 1 l^*j;0^^Si«9 tti^ix5;i»^ pMG a PmiSfLffiifc^ 
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[ 0 0 c : 
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[0 0 0 8] m 2 cOPnm^f^. G a P/lO^^^^i: . 
GaAs£«*5J:Uf^tbi^&-7-S^L/cAlGa I nP 

a A s cO*&^S^fi 5 . 6 5;^-^^^/;^ h n—A-e^b'SO 
IC3S:^U. G a P60*&^^^(^5. 4 5 ;r h a — A 
-3. 5 4%(^*&^^S'a^:dS^^t-^o r<0;f& 

[ 0 0 0 9 ] s 3 cofprn^f^. Jiias 2 
Ga p <D^^^m^:^m^mctmmm^^K.^ z tx* 

-fc^o Jiia-3. 5 4 %cD*&^:^S'a'{;iJ: tefi^^^^^ 

[0 0 10] ^coj: 5»/^t^e3l€SWc^llM^^ 

[0011] 

m 2 2 ^ ^ y < t h^t^^mi^ 

mmmm^tknhti. &^mi^mmm^^±{cm2mnm 
<^oa,_^in^p (o<x<i) ^^h^i^mmitmm^- 

So 

[0012] mmmi^ij:Wcm<D I n^l^M: X 0 < X < 
0. 4 S{Cl.Xh^iD7bm^\^\,\ 

[0013] mmmmii:Wcm<D i nm.^i^ x o < x < 

[0 0 14] *^§^co^^^^^^^^|l. St£JiiC. m 

i'^mm<Dmi ^^7^ h*mtmi±mtm2mmm(Dm2 
(o<x<i) i^^hfi^nmmMt^m-ihfx^xi^^ ^ 

[0 0 15] m%m.mMMM<r>m\:.^^t^ I nm^itx 
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[0 0 1 o : m?^mmi!:mm<om<t^'^fc i nm^Sitx 

I 0 0 1 7 1 mrl5^'[4S;dS (A 1 a ^.y) n ^_^P 
(O^y^l. O^z^l) . AlpGa^.pAs (0^ 
p^l) r-tfll n^Ga i_gAs (O^q^l) ib^h^J: 

[0 0 1^: firisss. ttris¥^^frfflM«ig*5J:u^ttrts 

(0 0 1 : mt^mmii:mmm(Dmmr^m'mmiAmm<D 
[0 0 2 : mmmm^mmm<ommr^^m.m^mm<D 

[0 0 2 : SirlSmMPJji:g;d5Ga n^P (0<a 

< 1) .:^oTI/>Tt 

(0 0 2 : miumMmjtmt^A i ^^tf-fb-g^i^^^^i*: 

(0 0 2 ; t5f5mi?fcP£ihS:$5 A 1 ^^G a ^^^A s ( 0 ^ 
1) ■ ::if^ (A 1 j,Ga n^.^P (0^ c ^ 

1. 0^ .£1) :^f^^7'^oTV^r^> J:l/\ 
[0 0 2 ; £ 

s±tc, :;:#aMc?^^i>^^5/K^<i:Stts<bm2« 

^:j3<tt;^i -^;^^^?FISiC:b/coTS2agm§{C0Ga ^.^I 

p (o< •:!) t^htii^wsmwimtmnhfx^. mm 

itJitc A fa \^ ^UPcii^ h ^^^^^ ^P^ (c^ UT 

[0 0 2 : mtd.:^^y^i^^(om\^. mmmmM±mt^ 
[0 0 2 : mu^y^>'^(om\^. mmmmMLmt^ 

[0 0 2 ] fuiamMPUhg i: br A 1 tjG a i.^A s 
(0^1 :-; J g^fc(i (A 1 ^Ga n ^.^P 

(O^c . 0 ^ d ^ 1) g^?gj5gUTt^l\ 

(0 0 c . : ji^T> ^^m^i'¥m\c^\^^xmm't^o 
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[0 0 2 9] ^^l^lcfooT^:. ^^f2^ffi^«5tJi(Cl^ 
(tc?ix^G a n^P (0<x<l) mSSffift^tcJ: 

e)ttSo Ga I n PmSSffitfc^tcft. Pi^^(cit-<Tm 

^^m^x Y^m^tm^B^^^m Lie < < /j: o . 

SfB:5^P(&;d5^Dlw< V\ ^/c. G a I n P l:±G a A s £ 
S-^-t ± ^ ^ ^agff ^ ^ CO^&^^M-g^^iS G a 

[0 0 3 0] rcom^ffitfi:;iO I nMj5Jc;itx:SrO< X < 
0,4 9 t-t^t. Gain P^i&ttS^A 1 G a I n P 

b;i^t,G a A s£«^^0_b(Cj^^^n5¥^^^g 

[0 0 3 1] *:rc. n*£^itx^O<x 
<0. 2 7 t-r^t^ ^(D^<-:yy'^^^yzft^G2iI>t\^ 

[0 0 3 2] mSeitrnMO I n*£j5£itx^^J?^fpllCfRl 
t^^X^^^kZ.mt'^'^^t^ «&^^^5:^><rtCigfnLT 

[0 0 3 3] r(Dm^f£i£tfi:^0^'fli^i^:/c I n^^itx 
*0<x<0. 4 9i:-t"5<!:. Ga I n P^j^M-^A 1 
Ga I n P?g'ffig;6^p5^^Lfc3fe^PJSiRii:-fl-Sia^it 
^^tt^X^^ b;5^fcG a A s£«^-eo±(^?^^^tL 

tt^X^^. 

[0 0 3 4] ^fc. mgfiteifcS^O^^bS-ltfcI nM^M: 
x<S:0<x<0. 2 7 ^rSi:. K=^'r 2/:7'dSGa 

tzitt^mmum.mx^R^^^ti'r. im^m^^^mMimi 

[0 0 3 5] ^t^^^Urii. AlyGa^.y) ^ I n 
P (O^y^l. 0^2^ 1) . AlpGa^.pAs (0 
^ p ^ 1 ) ^fc(i I n gG a i_gA s ( 0 ^ q ^ 1 ) ^<D 

it^m^m^^m\^^^:Ltt^x^s. ^^^niKmt^otay^^^ 

[0 0 3 6] jLfsss. ^mwmmm^^^xfm.mMML 
m^^/uxwt\'f^ir\.^—m<Dmm<o o %<DnMM:%imm 
om®<t^fo]-r^<t mmM:WLm^mc^A^xmM 
m^m^WL^^^t. mm^Wim\:L:^^\^^xm.mM±m(Dt^ 

[0 0 3 7] ^fjxi^. mgf4[tsfc^{iij(^m^^^m^ffiifcM 




[0 0 3 .] mmmmmm<Dmm^mmii:mm(o 

[0 0 3 : romS£PlJhg:dSGa n^P (0<a 

<i) m-'-h^i-^. nmM±mtGe.Asmm.^t<DAi 

[0 0 4 ; titi^ miSftPlJligi LTA 1 ]^Ga i.j^As 
( 0 ^ b : 1 ) ^ ( A 1 a ^ I n ^.^P ( 0 ^ c 

^ 1 . 0 : d ^ 1 ) m(DA 1 ^-^tj^it^m^mv^m^m 

[0 04 ] 

[0 0 4 ] mmmmi) :L<r>m:mmmix\^^ Ga 

l-x^^x- (0<x<l) mjJEtemiiSr^ttfcA 1 Ga 

I n p^^ •■mw^m%m^\c^\^'^xmm^^o 

[0 04 ] HI 1 tc. ^M?^^ 1 (o^mw^^m'=^<Dm 

[0 0 4 ] :L<D^m^W:^m^\^^^^-< KT'fo 
nM' a A sS^l JilCn^Ga A s (^i|;ttf S i 
Jg^Sx 0^''cm-\ ff^^-O. 5^m) ^<)yZ^TM2 
;55I^(t^; ^OJrtCnM (A 1 ^G a ^.y) ^In^.^P 

(0^y;;i, 0 ^ z ^ 1, ^Jx.liy = 0. 5. z = 
0. 5. iS*5 X 1 0 i^cm-\ Jp;^l. 0 ;z m) 
^^'^ Ki =3. (A 1 yGa ^In^.^P (O^y^ 
1.0^ ^1, ^^[l;t(^y = 0. z=0. 5. W-^O, 
5 urn) \ -'[4^4ioJ;t/pS (A 1 yGa z ^ ^ 1-z 

P (0^ - ^1. O^z^l, M;tfiy = 0. 5. z = 
0. 5, nJtgS X 1 D i^cm-^. ii:^^ 1. 0 m) 

l^^^o JttCpMGa iijjP (0<x< 1. 
{^x = 0. 40, Z ng^SX 1 OiScm-\ i?-;^^ 5 . 

OMm) '::^E^£mM6;^sf5^te>^^Tl^5o vmmmtAm 
1 0 0 4 ] *^^sm^.o¥*ffB^^^^cjb^l^T^i. 

Gai.^I.-i^P (x = 0. 5 5) mmtfcge^ffiV^X 
[0 0 4 : g]2fi. G I ^,^1 n^PffO I nM^x ^ 
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G a A s \:iM-t^^^^m'B-m t (om^^^-r^^ -^x 

lnm^x = 0. 4 9<Dt^{CGeiAs t^^&m^— 

i_xin^p (x = o. 40) m^i!:mme<D^^^m^ 

^^^tCiStt^G a PmgfLl£tfc^O*&^^S^^- 3. 

[0 0 4 7] sfc. ;$:^^s?^^^o^^^if^^^^^^c^3v^ 

TI^. (AlyGa^.y) ^In^.^P (y = 0. z=0. 
5) ffitt^4tC^LTGa n^P (x = 0. 4 0) 

[0 0 4 8] msit,^ Ga n^P^^cO I n^^Kx i: 

mS^^^t^^^^^OlZ^ G a n^P^^CO I nmjBgJ^ 

x;iSo<x^O. 27 c^^^tcfirfl^jg^-CS?^ XM^ 
tfj:^<DXGa P<Dy<:yh^^^yZfEs = 2. 2 7 e V 
i(5f^lRlC^<>'K=^^:y:7^-rfct9. 0. 27<x<l£D 

^^{atmmm^xh^rm^tfj:^<DXG a p<Dy^> 

K^ir:y:7^<i:*9 t>/h^</cC5o :*:|lffi?g^T*t^G a 
Irij^P (x = 0. 4 0) m^JfttefS:® 6 0^^>' K^^-^-iX 
:/Eg = 2. OeVT'fe»9. (A 1 ^G a ^.y) ^ I ^ ^.^ 
P (y = 0. z = 0. 5) f^i^m4(Dy<>^h*^^yy'E 
g = l. 9 e V^Cit-<T^#V^fci^>. ?&tt^4-C^;^L 

tz^i^mm^m:m6xv^u^ti^:itfj:<^ _b®;o=*ib®t 
[0 049] :icoj:5 ^z:^mmmm(D^mp^3^^m^\c 

(c. ^>t^-rfe5^'l4g4^cDtetet^J:5JgrH:>:Pfe^::^ 

m^wcmexm.i\^^tifj:\^^fzi!b. ^^^m:^mT'^'rs 

(CoV^T^^. 5 0 nmO^i^-a^^^^r;^- KlC:Jo 

^/^T^*^*:^s^^*J; ^9 2 0%f^±L. >ff ffl^4^cov^T 
'b. 2 OmAmm^Q 0X:^i^T{Ci6\,^X!/tm^^^6^{C 

[0 0 5 0] *II^SJ^ffi^C*5U^-C. nM^^^^K 

?&ttg*5J:t;^pM^^ :x K^^«^-r^ (AlyG 
a n ^.^P commit y:fcJ:t;^z f:iil:i:^MUT 

:^?i^ffitOT^b/cJ:9ne^3t^^^-K{cpSP>H-r. Ga 

A s m^t^^m^^^it^s^o^mmtm^m^^tcm^ 
^m<D^mi^^jftm^x^i\it. ^th^^<Dmm^mm 

[0 0 5 1] iM1^mm2) ^(DmmMm2X\'^. Ga 
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[0 0 5 2] m4\z^ mmmm2<D^mi^^ytm'F(DWi 

[0 0 5 3] C(0^^«:^^^^ti^5fe:^-r:^-K-t^fe 
nM:Ja AsS«2 l±lCnMGa As Wi^l^S 

2 2^^n:fhtl. ^COJitCnM (A 1 yG a ^.y) ^In 
l,^P (C^y^l. 0 ^ z ^ 1 , >e^i|;ttf y 1 . 0. 
2 = 0. 5. S i ^gS5 X 1 0 i^c m-\ iiCi^l . 0 u 
m) ^^/Kji2 3. (AlyGa^.y) ^ I n ^.^P (0 
^y^l- 0 ^ z ^ 1 . -Fi|xfiy = 0. 45. z = 0. 
S.iP^D. 5 M m) ^^£^2 4*5j;t>'pM (A 1 yG 
a i-y) (O^y^l. O^z^l, >9RI;tf^ 

y=l. z = 0. 5. Z nSS5 X 1 0 I'^c m-\ 

D;/m) ^^^y h^m2 5:fy^ct,ti:^^mi^mmm 
ig2 1 2:.t^^t?.tvXl^^o .^c^.-tlCpMG a j^.^^I 
P (0< :< 1. m^ltx^O. 2. Z nSSS X 1 0 
i8cm-\ .?:^5, OMin) B:iSJ£ffi:® 2 6 :65^(t btl 

1 nmm^2 im\a:^±m{cnmmm2 

1 O;55^^i^nrv>^o 

[0 0 5 L] :$:|lia?g^lc::fel/^Tfi. Ga^.^In^P 
(x-0. 2) m«^ttem^2 6^^V^TV^5/t^6. [g|2 
(C^i-J: : lc*&^:^S>g'^;5S-2. I%i:^^t9. mi 3 
tc^ U/c' :^^tO^®<*^3t:^^ic*5(t'5 G a PttJjEffi^ 
5 4%tc:lt-<T4 0%t*&^^ 

[0 0 5 ■ : r co*&^^;^{£igS^^fl^iS?^^ 1 tcJt-< 

(D^^mi^^: !5t^^^(cib-v>r (1. [a 3 {ZTT^-r^ 5 tc. g a 

1. xln^^ (x = 0. 2) mgfEffimjl2 6(D/<VK=¥-r 
:y:7'E g: a Pco^^:^ K^^ fSt^l^ C 2 . 2 7 
eV-T?^. . (AlyGa^.y) 2lni_2P (y-0. 4 
5. z= \ 5) f§'&l2 4£D^^:^ K^i-j'P^E g = 

2. 18 Vtcit-<T:;^c#v^;^*!). Stt^2 4T*^^U 
tim-^^ ::ov^T^im^^tetfc^2 6T*9&ite^ix-5:i^ti 

[0 0 5 : r J: 5 {-*»SS?^ffi<^^«i*:^^3g^(C 
fco ^ fc \^^m 2 4 T*^i£ LybS^'fe^;55a»fiit:®:^ 2 

li. 5 0 nm(Om'&^^y-( K(C*5l.AT^ifc 

ii: (9 3 0%[piJiL. mlItt^;lov^-C 2 0 
mAl^S:. =5 0 r^f4=TlwioV^T^S;^iS^^|C/^:5* 

[0 0c : (^^£/F^Jl3) roHJg^^aST'fi. Ga 



[0 0 5 8] EI 5 t;i. 1156?^^ 3 (D^^ff^^fe^-^-coSf 

[0 0 5 9] rOif^#^*:JS3tlg^fi:^^>5^'f KT'fo 
0. n^Ga As^«3 l±tCnMGa As (^J;t{^S 

i ^S5 X 1 0 i^crn-^ /i:;2^0. 5 Mm) ^^2/37 
3 2;&5^(t^iX> -^TCOitCnM (A 1 ^G a ^.y) ^In 
1_2P (O^y^l. O^z^l. -9^!lx(^y=l. 0. 
z=0. 5. S i^l^SX 1 Q^'>cm-\ J^^l, On 
m) ^^:xK^3 3. (A 1 yG a ^.y) ^^n^^.^P (0 
^y^l. 0^2 ^ 1, ^i|;ttl*y = 0. 30. z=0. 
5. iS^O. 5/im) SttSS 4:fcJ:UfpM (A 1 yG - 
^ 2 J n^.^P (O^y^l. O^z^l. m^\^ 

y = l. 0. z=0. 5. Z njgg5 X 1 0 I'^c m-\ 
Ji:^l. Ojum) i!^^ 2/ K^3 5;6^P>/.e5^^^^a®« 
jt3 1 2;6^^^te>ttTV^^o -^c^iiCpMG a 
P (0<x< 1, ^J;tf^x = 0. 01. Zni8S5Xl 
O^^cm'K m^5, Otim) Sgftffi^S 3 6 ^ 
i^rv^^, pMmSftffiifi:g3 6cOff:fea5_btc(ip®«;|l 
3 1 1:55^ tt^n. nM£^^3 HSOtCf^^SEc n 
3 1 0;i51S(t^ttTl/^^o 

[0 0 6 0] ^||^fe?gffi^CjoV^T^i. Ga^.^^In^P 
(x = 0. 1) mMS£mM3 6S:>^V^-CV^5/t^6. [3 2 

ic^-TJ: 5 t-. Bl 1 3 {c^i.rc^^m<D^^mi^m^m^\c 

^if^Ga Pm»SM^®(D*&^:^«^^- 3. 5 4%tc 

v^TJi. Gai_^in^p (x = o. 1) mm^wcm 3 6 

^m\^^rc:zt {CX^Ga P^fCj:t-<T^fBtt^3fc#^it 

a Pmn-^CD'^^n^'XG am'f't P m^<D^^'B't^m^f:l 
26. Gai^.^;6S^S^®±^J£^ >r ix- 3 » 

Jf.^^r^LT't-g'AyfcGa I n P tC:fo-V^TI^. ^e^ajXPfS 
H. I nIE^(:iPi^-^<i:^-g^Ji^7Udf^— ;i5/jx^<^ in 

[0 0 6 1] ^fc. *:|l:^?g^co^^ff^^^-^lcjoiN 
T(i. g| 3 tC^i" J: p (C. Ga^.^In^P (x-0. 0 

1) nmi^mims e<Dy<ii^ h^^^ st^G a pco^< 

>'h-^^yytm^mC2, 2 7eV'X?$>l9. (A 1 y 
Ga^.y) ^In^.^P (y = 0. 30. z=0. 5)« 
^4^3 4cox^>'K=3E^^5/r(c:it-<T;^#^^fci?). ffitt^ 
3 4T•^^Uf:lKfe^^-ol^rt>mM[4£t^C^3 6T*KiE 



m 
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3 0 n m(OSt^^)ti5^-Y K^c:^3U^T^^ 
2 0%rpl±L. ^S^Stt^-o^^-ct. 20 
mAlgt:; ^3 0 'C^#T(-*5VNT3tS;&5¥5}'l-^^^ 

{C^{fc:i- ^tt^i: LT I riqGa i_gAs (O^q^ 

[ooe - : 1^1 etc. ^mmm4<D^mi^^^m^<D&i 
[ooe : z(D^mi^^^m^\t^^^4 k-c^ 

ni. . 1 AsS*^6 l±lCnSGa As (M^l^S 
i JgSE : : I 0 I'^cm'^ m^O. 5 m m) 
6 2m - ^<D±l;inM (A 1 a ^.y) n 

1. ^P CSy^i, Q^z^l, y = 0 . 5 . 
z = 0. . , S iSS5x 1 O^'^cm-^ i?^ 1 . 0 fi 
m) ^ 5 .'jf 6 3 . I n qO a s ( 0 ^ q ^ 1 . 
^Rl^f^fc O. 6. iP^i^^G. 5 A^m) ^i4M6 4 

(/ .Ga^.y) n^.^P (O^y^ 1. O^z 
^ 1 . y = 0. 5, z = 0. 5. ZnSSSXl 

0 i^cm- . Oxim) K^6 5;6^fb?:?5 

Ga^.j^I -^P (0<x<l, ^Jx.(ix = 0. 4-*0. 

2. Z r i hg5 X 1 O^^cni-^ J^^5, 0 m m) mSK 

- : ymmme l l;d5SS:(t^n. nSS«6 

{cn^w . iMmse i 0;65^(tp5ti-ci^^-5o 

[ooe : :2^le^fe?gSI(c:^3l^T^i. Ca^.^^In^Pffi 

[0 0*: : ^mmmm<D^mi^m^m^\c^\^^ 

Tt^. C -xl n^P (x = 0. 4-H^O. 2) m«^tfiC 
^6 6C . > /K=¥-^:xyEg;6U HgGa i_gAs (q = 
0. 6) : "kme 4(Dy<>yr^^)yy{Cit^X:k^l^ti 
ib. mi J } 3 4 T'^^Lfcsi^i^^^dS^^a;^^ 6 6 T*® 

me 4 xi zhtzm^ytr^mm^mm e e -e^iu^ tt/^ 
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3 0%fp]±L. ^tlItt{c:oU^-rfc> 2 0mA|gii)^6 0 

[0 0 6 91 *ll:^?g^t;iib^vN-c. iBi±m^m^ 

I n gG a i_gA s (T^^^lt q (iSlI^S t J: 
iHgGai.gAs (O^Q^l) m^^^^XhBi\^\ 

[0 0 7 0] mmmms) ^(Dmrnmrnsxi-x. Ga 

l-^^b^itfcA I G a A s ^^^^4^^^^^(-oV^TI^i 

[0 0 7 1] 1^ 7 tc, n:^?^^ 5 (D^mi^^ytm^<r>m 
[0 0 7 2] :z(D^mi^^ytm^n^^y^:t-h*x^ 

nMGa As£;K7 l±|;inMGa As (^Jx.(^S 

1 ^g^5 X 1 0 m-\ JP^^O. 5/im) -'^5/:7rM 
7 2;dS|gtte>tt. ^C0_b{Cn^A 1 pG a i_pA s (0^ 
p^ 1. ^Jxf^p=0. 7. SiffiksxiO^^c 
m-\ J?^ 1 . 0 fim) ^ 5^ 7 3 . A 1 pG a 
As (O^p^ 1. 0iJxfi*p = O. J?;^0. 5/im) ?il 
ttg 7 4:}oJ:0^pMA 1 pG a i_pA s (O^p^l.^^d 
;tf^p = 0. 7. Z njgks X 1 Oi'cm-\ ffi^^l. 
OMm) ^^i/ K^7 5;i-e)^£5^^^*:S^«itg7 1 2 
:^>i3:^t?Ji^rv^^o ^c^-btCpSGa ^.^I n^^P (0< 
x< 1, 'B^il;tt^x = 0. 2-^0. 01. Zn^gasxi 
Oi8cm-\ m^5, Oum) mmmWcM 7 6 

tl. $e>tC^60_litCpMGa n^P (0<x<l. 
«^J;ttfx = 0. 0 1. ZnSfiPSx 1 0^9cm-3, Jf:^ 

2 /i m) mmifi:mm 7 7;e^s|s:^te)tl.T^/^So mijssstfc® 

7 7(D^^^U±^a^pmmm7 1 l;d5iS*t??tt. 

S7 im\at±m\cnmm.m7 1 o;5s^^t'bnTv^So 

[0 0 7 3] ;*:^J£?F^ffiJ-ib^t/^-C(i. Ga ^.^I n ^PM 

0. Q \i^x%^kz.m\:^^x^^^^x\^^^^ rtbtc 
[0 0 7 4] ^fc. 

TJi. Ga n^^P (x = 0. 2^0. 0 1 ) mSftJ£ 

tS:^7 6<7)-'<>K=¥-f :yrEg;6SAl pGa^.pAs (p 
= 0) ^^4^7 4^^^^>-K^^:y:;^l::]t-<T:^#V^fc 
7 4 LySil!F^^;65m2^a;fS:^ 7 6 XPii 

[0 0 7 5] z<DXoii^:^mmmmco^mt^^^m^\:i 
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[0 0 7 3] >^mMmm\C:^\^^X^ nm^^^y K 

1 _pA s cc p f^aH^H LT t J: v ^o 

[0 0 7 7] mmmm e ) ^ (T^njs^g^ e x^i^ . 

ai-xI^-.<^ (0<x< 1) m^fLffitfcg^I^ttfcA 1 G 
a I n p. .^-^^^:^^^^(:lOV^T^5^i-5o 
[0 0 7 ll El 8 Id. ^ffi?^^6C0^3§^*:^^ig^(Dgff 

[0 0 7 K :i(D^mf^^^m^i^^^y^:^-h'x^ 

t?. J. A s£;K8 l±(CnSG a A s m^^S 

i its 5 i 0 i''cm-\ ff;9-0. , 5 Mm) v<-/:7r^ 
S2t^^fibtl.^(D±\CnmiA\pa^_^ ^In 
l_^P (C ^y^l.. O^z^l. ^tl;tt^y=l. 0. 
2^0, , S iffiSS X 1 0 i-'cm-^ ff^l. Om 
m) ^9 'K^8 3. (AlyGa^.y) ^In^.^P (0 
^y^l 3 ^ z ^ 1. ^J;trf y = 0. 15. z = 0. 
S.i?;^:.. 5 /xm) fS-ft^S 4*Dj:t/pM (A 1 yG 
a 1-y) -i-zP (O^y^l. O^z^l. m:t\^ 
y = l. -X z = 0. 5. Z nSS5 X 1 0 i'^cm-\ 

: ^^5^ KM8 5;i)^6?i^^^^f$:aS« 

3^8 1 2A.^-a;te>i^rv^5o -=eco^^^2^a^m5g8 1 2 

cO'f':*a5±(-nMG a n^P (0<a<l. M;t(^ 

a=0. 2. S i Slt5 X 1 0 m-\ ji:;^^0. 5 
m) mSfc|5§_Ji;18 8;dSlS:tt^tb, ^<D±{cmm?Ejtm 8 
8 cO?^J5g.J"3 j:tK#^?g^5|5tc:^pfcoT p SG a I n ^ 
P (0<x<l, m:tt£y: = 0. 2. ZnS^SXlO 
i8cin-\ ^^5. O/im) mgEffit^cS 8 6 ;d55^tt e>ix 

8 8 i:^.^-:-^J:9{;ipMmffi8 1 l;iis^(te?tt. nM 
S*S8 l^i:f±:±Ml^n®m<^8 1 0^^^nhtlX\^^ 

[oo8o: :^mmMm<D^m^^^m^\c:}oi^x\^. 
^mi^mRy- ii^s 1 2<D^^^±{:imm^Ejtms s ^is: 
ifx^<D±:i^m&mm8 e^n^fx\^^^tiib^ pmm 
ms 1 it^ omA^ixtcmmmmitmims exmrn^ 

fc. ffigf:P3_.:j8 8 i: LTp^Ga i.^I n^P (0<a 
<1) ^rv^^fca^). ffiaEteifc^S 6 <tfRl^(c. 

(.^^x^^mm^xxj^mm^^^m'r^:it 

r^X^tz, I ^?•#'f4^C0V^•Cfi. l O nmi^^^fe 

^^i5^>f :-lCioV>T^>t^^;6Sii6*J: «9 3 0%fR]±: 
^t|I^^;:ov^Tt. 2 OmAIE»i0?P6 Ot:^«^Tic 

/Co 

[oo£ rj:^. :^mmmmxi^^ytn<o^^mcm 
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^m^m^fx^(Dmm^m.ibj2<t^x b \z.mMmtm^wt 

-r^m-smmsx^mi^x^^^ 
[0 0 8 2] mmm^i) :i(o^'mmm7x\t. ^» 

tt. ^0±(^Ga n^P (0<x<l) m«ffiS£tfi:M 
*iS:tt/tA 1 Ga I n P^^*^^^^^^^^COV^TI^£K 

[0 0 8 3] s 9 ic. 'Mmmm i (T^^MW^^m^<om 

[0 0 8 4] :L<D^MW^%m^\t^%^^:^-YX^ 
n^Ga AsSt^9 litCnSGa As (^!l^fiS 
i its 5 X 1 0 I'^c m-\ ^;^0, 5 M m) ^<v^rM 
9 2;d5lStt^n. ^(?5_b(CnS (A 1 ^G a ^.y) ^In 
l^^P (O^y^l, O^z^l, M;tt^y=l. 0. 
z = 0. 5. Si iSS5 X 1 0 i'^cm-\ 1 , 0 

m) ^^^/Kg93. (AlyGa^.y) ^In^^.^P (0 
^y^l. 0 ^ z ^ 1 . M;tf^y = 0, 4, 2 = 0. 
5. ;i:^0. 5 Mm) ?BfttS9 4^oJ;t;^pM (A 1 ^G 
a ^ I n ^.^P (O^y^l. O^z^l, -gijxtf 

y=l. 0. z = 0. 5. Z n;2gS5 X 1 0 I'^c 

m^i. OMm) i7^^y\^m^^t^hfi:^^Mwmmm 
i§9 1 2;^l2^^te>nTv^5o ^(o^'^wmmw^^ i 2 

Off'ifc^i^rSil^lStpJ: 5(-nMGa n^P (0< 
a < 1 . 'Pil^f:^ a = 0. 2. S i 5 x 1 0 ^''c 
m-\ i?;^0. 5 Aim) SMiailigg 8:d5S(t^tt. ^ 

TpSGa^.^In^P ( 0 < x < 1 . ^!l^«x = 0 . 
2. Z n^gSESX 1 O^^cm-^ i¥;9^5. 0 m m) figft 

9 8 ^^fRj-r^J: 5lcp^ffi^l9 1 l;i^^(tbJx. 
S«9 lfflll(cti^®tCnMffi<^9 1 0;^SiS*te>nxv^ 

[0 0 8 5] :*:^^£?^SI^D^#ft:%3t^^^C*5l^r^i. 
^^<$:a®«3g9 1 2<7)fp^ffl5iiS:^!9ffltfi; 5t-«gK 

9 8 ^WL\-yx^(D±.\zMmMmM 9 e 4rs^t■cv^ 

^fcJ6. p^m® 9 1 l;i^e)aA$ttfcmM;d5||«fttetfc 

^9 6Tfp:^^a5tc^^'L. pMm^i9 1 \tm^^f\.x 

fCo ^/c. m?r^PEJll:g9 8 t UTpSGa ^.^ I n ^P 
(0<a<l) ^ffi^^-CV^^fc^^:>, m«ffit5:M9 6 tl^ 

w^:d5'C#fCo ?g^4#^4lco^/^T^i. aSS5 5 0 n 
m<OU^^%¥^^- Y\z.^\^^X^imm^'^^X. ^ 3 
5%f6]±L. {tlB14(-oUNTt. 20mAigK^60*C 



[0 0 8 6] /^^b\ :^mmmmx*\^^^^<Dmmm::& 
mit72^tsx^\cmm?sjtmi:W'fxi,^\^\ mm 
[0 0 8 7] mmmms) :i<Dmmmmsxn. 

(Al cGai_^ ni_^P (O^c^l, O^d^ 
1) i)^ib:^j:^mmfSJtm^^i^. ^<D±{ZGa^,^l 
P (0<x< 1) m«Ki£m^4:SttfcA 1 Ga I nP^ 

^mi^^ytm^f-kc-Dy^^xmrn-r^o 
[0 0 8 8] mio ( c ) mmmm a (D^^mi^^^ 

[0 0 8 9! :z<D^mt^^^m^\^^^i^^ KT-fc 
19. nSGa Asg«l 0 iJilCnMGa As (^f|x.t^ 
S i Sg5 X 1 0 ^^cm-\ @^0. 5 m m) ^^:y:7T 
^1 0 2;5Sf^tt^n. ^(D±\Cnm (AlyGa^.y) ^ 
I n^.^P (O^y^l. O^z^l. ^!l^«y = l. 

0. z = 0. 5. S i?8S5 X 1 0 ^'^cm-\ 1 . 

0 ;z m) ^ ^ >^ 1 0 3 . ( A 1 ^G a ^^y) ^ I n 

P (O^yi^l. 0^ z ^ 1, «fij;ttfy = 0. 45. z 
= 0. 5. /f^O. S^m) ^ttg 1 0 4*5j:U!pS 
(AlyGa^.y) ^In^.^P (O^y^l. O^z^ 

1. ^?ilx.^t*/= 1. 0. z=0. 5. ZnjgSSxiO 
i^cm-\ 0/im) ^^2/ 1 0 5^^^/^^ 
^aS{$:||ji;:|ag 1 o 1 2^^^^ hfhXV^^o ^<D^m^ 
mmmm 1012 (D±{Z p MG a I n ^.P ( 0 < r < 

1 . M;t(t!r =0. 2. Z nSaS X 1 0 i^cm-^ J? 
^0, 5A:n) ^SMl 0 9;^S^tte>tb. ■^cO^'^gBJi 
iCnS (a ; ^Ga^.^ ^In^.^jP (O^c^l. OS 
d S 1 . Ftl.trf c==0. 2. d = 0. 5. Si jgS 5 X 
lO^^cm-^ m^O. Sfim) MmK^M 1 0 8 7!>^m 

U:}SXm-ymmct>rz-DX pmG a n^P (0< 
x< 1. ^];if^x = 0. 2. Z nJg^S X 1 O^^^ 

in-\ o/iin) mm.ii.mmi 0 ef}*^^\fhtix 

^^^o pm'rmii:Wcmi 0 6(o^^^±\a±mm^sjtm 

10 8 5f-pS®^l 0 l l^m^hti. 

nS!S«l ) im{a^±m\Cnmmmi O l 0;65^*te> 

\c'Lxrft['~^:itt-x^^o 

[0 0 9 i: ^-f. miO (a) tw^i- J: p (d, n^G 
a A sS$5 . 0 1 ±{CnMG aAs^^:y:77'^l02. 
nm (A . . G a n^.^P^^ 1 0 3 . 

(A 1 yG a n ^.^P^-l^® 10 4. pM (A 1 
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yGa^.y) n^.^P^^^^ K^l 0 5. p^Ga^,^ 
;I n^Pi^^^l 0 SiSXV'nm (Al a ^.^ n 

i.dP^^?>^j:sm«tRajii^?^^^<^® 10 8a ^mi^m 

[0 0 9 2] 1^1 1 0 ( b ) {C7r:-r^ 0 mmm. 
±mm&m<Dm^^mm 109 (D^^u±.(o^i:mL.x 
^^y^>i^'t^:Lt\^x.Kimmm±.m 1 0 s^^^^i- 

^^^mm^MLmj^^m(Dm 1 0 s a ^ a 1 ^-g-^/^iN^- 

5|sf;6^^/^5«:^Ml 0 9 i:c?:>]llJR;co,5^>'^;aspjtg^/j: 
19. i^mmiO 2X=^^y^l^^^W±^^^^tt^X^ 

[0 0 9 3 J ^(t:?^. Igii 0 (c) {CTT^-r^ok^. pM 

Ga n^PW^&tSc^l 0 6^^S$^. n^ffl:<l 

10 1 0*5i7^pSm®l oil ^tcj:i9 

[0 0 9 4] *ll:ffi?^^^^^^«:^^^^{ciov^r^i. 

mSEPlJhg 10 8 t^K 1 ^^tP (A 1 ^G a n 
i.^P (c=0. 2. d = 0. 5) t^htS:^f:L^. Al 
^-^^^ctV^Ga n^P (r =0. 2 ) 1 0 9 

t<Dm^=^y^l^^^^^X. Miit:/i3ir;x.{c^3(t^^ 

[0 0 9 5] {mmmm 9 ) r (Dmmmm 9 x-fi. 

^ Stf J: 5 (CA 1 ^^t^i\L^ 
m^m^. m^\^A l a ^.j^A s (O S b S D 

ti^^mmmtm^mi^. ^(^^tcGa^.^i n^p (o< 

X < 1 ) manfemS^^ftfcA 1 G a I n F^^m^^ 

itm^\c^\^^xmm'r^o 

[0 0 9 6] gill (c) tc. mmmmscD^mw-^it 

[0 0 9 7] rco^^^^^^^fi^Tt^^;^- K-Cfc 

nMGa A sSt^l 1 litCn^Ga A s 
S i ig^5 X 1 0 m-\ ^i^O. 5 Mm) :7t 
g 1 1 2;dS|Sfte)tb. -^COitCnM (A 1 yG a ^ 
In^.^P (OSySl. OSz SI. -Pax(iy=l. 
0. 2 = 0. 5. S i ^gig 5 X 1 0 i^c m-\ J?;^l . 
0 m) ^ ^ Kjf 1 1 3 . (A 1 yG a i_y) 2 I n 
P (OSySl, OSzSl, 'Fll;c(^y = 0. 4. z = 
0. 5. J5^0. 5Mm) 1 1 4^3iU?pM (A 

^ yG a i.y) 2 I n ^.^^ (OSySl. OSzSl. -^ll 
;^l^y=l. 0. z^O. 5. Z nSS 5 x 1 0 ^'^c m 

mmmmi 1 1 2r^wt^'fhixxv^:b. ^<D^m^mmm 

atl 1 1 2(^±iCpMGa i _^ I n ^P ( 0 < r < 1 . M 
X.(^r=0. 2. Z nSS5 X 1 0 m*\ i?^0. 
5 am) ^mmi l^t^Uk^htL. ^<D^^n±,^WL^ 
Htpi: 5i-n^A UG a i.j^A s ( 0 S b S 1 . 9^fl;ttf 
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b = 0. 2. S i jgS5 X 1 0 i''cin-\ /¥;9^0. 5u 
m) mSfSRU:*! 1 8 t^^.n h tlX \^ ^ ^ o ^^\C^(D± 

\:immmj^i3 1 1 s (Dm^n:}sxxf0]^^mct>itox 

pS!Ga^_.In^P (0 < x < 1 . ^Rlx.(^ x = 0 . 2, 
Z nS^L :< 1 0 i^c ;?;^5. 0 /i m) mjEffl^ 

^11 6/-:^13:tt^b^^TV^s, -?r<75±(c pSmMffim^ i 
1 6£D^i5>: 3-b^£:^*3iatPct 5 ;6^o, -gStRaJh^ 1 
1 8 9l^pMm@l 1 1 Id^Igttb;^,. n 

MSffil -fflOtcittfeStCnSffi® 1 1 1 Ot^^^nhti 

[0 0 91 : :i(D^mw^^m^\t. m^t£}^T(ox o 

[0 0 9';: 4-f X El 1 1 ( a ) (C;^-r <t 0 nMG 
a AsSt;: 1 1 ±lCn^G a A s^^^y :7rji 1 1 2. 
(A Ga n ^.^P^^s/ KS 1 1 3 . 

(A 1 yG a\_y) n^.^PStt® 1 1 4, pM (A 1 
yGa I Tx^^^V^=7v Kgl 1 5. pMGa 

I n ^P{^- i® 1 1 9:j3j:UfnSA 1 ^G a ^.j^A si)^^ 

ho 

[0 10 : xfetcv mil (b) 5tc. a^j^iii. 
jh^M^; og^i^s® 1 1 s<D^^n±^^^mt^^ 

9lcau-:-iy^>'i/i--5r i:(cj:f9S«t|i@Jh® 1 1 8 

^^^^ -^^-^Vh, -Pt|;t(fy (H3PO4) ^^^y 

(om 11 . tA \ ^'^^^£\^^u^^^h^j:hi^mm 1 1 

9 t(Dmi :--5/^>'^;i»s^|g<l:^^«?. 1 1 9Xn^ 

[0 10 : -?:cO^. Ell 1 (c) ic^i-J: 5 (c. pM 

G a i.^i n ^pmatittfc^ 116 ^^s^it. nmmm 
1 1 1 c: ; ix^pmmmi 1 1 1 ^m^'rh^t\cj: «9 

[0 10 : ^mmmm(D^mi^^^m^i^^:tsi^x{t^ 

mmmitj '.is :^^A l ^-g-tf a l '^^G a ^.i^A s ( b = 
0. 2) ; • ./£57ti6. A 1 Sr-g'^?iV>Ga 1.^1 n^P 
(r=C. 2) ^^a® 1 1 9 i:C0aliR:2::y^>'i/=^tTo 

[ 0 1 c : 

[01c : :i<Dmmmm<o \ nm^i:tx^o<K< 

0, 4i • -^^i:tc<t E). G a I n P^^fcfiA 1 G 



[0 10 5] ^tz^ mmij:mM<D I n«a^itxS:0<x 
<0. 2 7 t'rh:zt{zJ:y)^ mm^M-Cco^KiRds 

[0106] m^^iAtsc^o I nm^itK^mm:^i^{c\^ 
^?p$tt5 0T% ^h^ci^^M^^i&m^'^x^t^mm 

[0 10 7] rcDmSKffltSc^cD^^b^iir^I nffi^Jtx 
SrO<x<0. 4 9^i-5ri:(c:j:«9. Ga I nPM* 
/^c*^ A 1 G a I n PS;5i^^^^ bfc^^P^iRiir-f tC^iS 

[0 10 8] ^fc. mgSffitfc^cOig{l:^ii:fc I n^^i:b 

x^o<x<o. 2 7 t-rh:it{cx^. mmmmmx 

t:d^Xtho 

[0109] r comggffitfc^Ji. (A 1 yG a ^ I 

n^.^P (O^y^l. O^z^l) , AlpGa^.pA 
s (O^p^l) . IrigGa^.^s (O^q^l)^ 

[0 110] mmi!:mmm(DmmtMi^-rhXo\^. m 
mii^xy)mm^^m<o0]^^m^^m^<mm^m^^x 

[0111] mmii:mimm(Dmm^m^iLmm 
[0 112] ^/b. mM^mmm(Dmm^nmu.Wim(o 

[0 113] mSKRiah^i: LTG a ^.^I n^P (0< a 

<i) m^m^^^:Lt\z.xy) ^ ^m^^m<Di^^m^h 
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